Abstract. A quantitative definition for the land-sea (coastal) transitional area is here proposed, based on variability and isotropy of met-ocean processes. Wind velocity and significant wave height fields are examined for anisotropy along four perpendicular transects on the Catalan coast (northwestern Mediterranean) illustrating a case of significant changes along shelf. The variation of anisotropy as a function of distance from the coast and water depth has been analyzed through heatmaps and scatter plots.
Considering the ratio R as a variable for any 2D field, it can be fit to a probability distribution function. Such fitting depends on theoretical and practical considerations. The preferred shape is determined by looking at statistical characteristics such as mean, variance, skewness and kurtosis, or by examining the similarity between quantiles (dataset versus theoretical probability distribution) using a Quantile-Quantile plot. The more direct candidates to fit variable R are a) the log-normal function, where the probability distribution of its log-transform is Gaussian (Aitchison and Brown, 1957) and b) the log-logistic function, with 5 a logistic probability distribution for the log-transformed variable. A logistic distribution has a probability density function of the form:
where m is its location parameter and s is its scale parameter. Sklar's theorem (Sklar, 1959) , expresses the multivariate joint probability structure of two variables x and y as the product of their cumulative probability distributions F (x) = u and G (x) = and a 2-D Gaussian copula has the form:
(IDW) interpolation, that estimates the value at an interpolated location (x) as the weighted average of neighbouring points with weights w (x) given by
Here, x i is a neighbour point, d is the Euclidean distance and p is the inverse distance weighting power. The IDW power chosen is 1 for R Vw and 3 for R Hs and h, based on a sensitivity analysis for this area and consistent with the physical relation between 5 wind velocity and generated wave height. and a scale for anisotropy of 20 units for both R Vw and R Hs . Both R and its variance are calculated on a discrete number of 10 distances to the coastline, assuming that the width of the fringe affected by boundary effects is below 100km for this coastal sector (Sánchez-Arcilla and Simpson, 2002) . From here, it follows naturally to propose a coastal zone limit as the cutting point where the variance of R is equal to the 90 th quantile of the total R variance spanning a fringe between 0 and 100km: l = 90 th quantile of var (R Hs (0km ≤ x ≤ 100km))
R (R
This cutting point has shown, as expected, larger stability for the wave field than for the forcing wind patterns. The variation 15 of R Hs with coastal distance x (Fig. 7) indicates for reference the 20km distance where satellite data offer enough robustness (Cavaleri and Sclavo, 2006) . The plot also displays depth against x, after interpolation into a regular mesh (first on a grid of 1km, then to a finer mesh of 10m). The obtained R Vw and R Hs values have been fit to a probability distribution, selecting empirically the lognormal function for the inverse of R Vw and the log-logistic function for R Hs . The joint probability has been next adjusted to a Gaussian copula to capture the partial dependence structure. 
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[a] similarly to R Vw , but with a turning point at about 40km in all transects (Figs. 8 and 9) and, thus, a higher level of consistency.
The limit l, corresponding to the 90 th quantile of the total variance (fringe between 0 and 100km), is calculated from equation 6 (Figs. 8 and 9) and presents small differences with time interval (month of study) and location (sector), below the 1km limit.
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In order to find a copula structure, marginal probability distributions for the two anisotropies are needed. Skewness and kurtosis from the analysed data show that the inverse anisotropy of V w follows a log-normal distribution, while the anisotropy of H s follows a log-logit distribution. Quantile-quantile plots have been used to assess the fit of each probability function (not shown here) to its target dataset, verifying that the selected samples can be adjusted to the corresponding probability distributions. The joint probability structure of the two anisotropies does not present any marked dependence for the largest 5 (tail) values, suggesting the use of a Gaussian copula whose dependence parameter ρ is shown in Fig. 10 . The so obtained dependence ranges from total independence (0) to a mild (|ρ 12 | = 0.1) dependence between R Vw and R Hs .
Discussion
The calculated anisotropies should be as robust as the starting wave or wind fields that are employed in the analysis. Because of that, the SWAN code has been calibrated with local atmospheric and hydrodynamic conditions. Special emphasis has been 10 put on using high quality wind fields, both for the direct assessment linked to meteo fields and for the indirect effect they exert on the behaviour of the forced hydrodynamics. The results show, as expected, a higher level of robustness for the wave-based anisotropy, where the calculations used an unstructured grid and a locally adjusted whitecapping term calibration (Pallarés et al., 2013 (Pallarés et al., , 2014 . The cell size has been determined as a function of depth and distance to the coast (Pallarés, 2016) , consistently with the transect analyses performed in the paper. The application of an unstructured grid allows reducing computational 15 costs (by about 50%) and the troublesome imposition of internal boundaries, which facilitates multiple simulations to perform a statistically stable analysis of anisotropy. This leads to an efficient determination of the coastal water boundary that automatically incorporates some of the processes (e.g. turbulence levels in the water column due to wave action) and geometric settings (e.g. bathymetric gradients affecting wave fields). Other processes, such as for instance the continental discharge, are of course not captured by the present analysis and would require a similar approach based on the resulting circulation fields, 20 which would certainly capture the regions of fresh-water influence.
The anisotropy-based approach will lead to different results depending on met-ocean conditions (wave conditions in our case), requiring a reliable simulation of both average and extreme patterns, as shown by the validation process (see e.g. Figs. 4 and 5). The transfer of energy from the coastal to the offshore domain and vice-versa (Pallarés et al., 2017) may condition the results of the analysis for areas near the transition, which is where the boundary will be likely located. This suggests a 25 combined approach, using numerical fields and satellite data supplemented by along-track in situ observations, all suitably interpolated in space and time to provide a picture that is as consistent as possible.
The values of V w , H s and h obtained through the IDW interpolation, using an IDW weighting from 1 to 3, are similar and reasonable. For marine variables the weight of 3 has been selected, to account for the influence of the closest neighbours based on the water inertia (which is 3 orders of magnitude larger than for air). The proposed IDW power for V w is smaller because 30 gas is more turbulent than water and thus should have a smaller spatial dependence. The obtained pattern for R Vw is consistent for the four selected transects in the study area, showing a mostly isotropic behaviour for coastal distances from 0 to 100km.
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The numerical wind fields present errors below 2m/s (Martin et al., 2006) , which means that the V w calculated can represent well actual wind conditions. The behaviour of R Vw near the coast can, nevertheless show sharp local variations due to the joint effect of orography, mesoscale circulation and large-scale circulation, all affecting wind strength and directionality. In all cases 5 V w becomes more isotropic towards the offshore, denoting a decreasing control by the land-water boundary.
The R Hs pattern is similar, with wave fields showing boundary effects (mainly in directional properties) for coastal distances below 50km, which has also been considered an order of magnitude estimate for land wind effects. Farther from the coast there is a clear trend to isotropy, more pronounced for transects with more stable atmospheric conditions. The link between R Hs and land-originated winds can be appreciated by the shift from homogeneous to anisotropic behaviour in the northern most transect 10 (Begur) where the effect of V w on H s is only evident up to 38km from the coast.
Such behaviour of R Hs with coastal distance parallels that of particulate matter diffusivity, which tends to become isotropic at around 10km (Romero et al., 2013) from the land-water boundary. The degree of anisotropy in diffusivity is physically related to eddy kinetic energy, which varies as x 5/4 (x being separation distance) for depths below 20m (Gràcia et al., 1999) .
A steep bottom slope will favour deep-water wave behaviour at relatively short distances from the coast, as shown by the 15 distinctive behaviour of R Hs for coasts of different slope. However, although R Hs presents greater variance (more outliers) for steep slopes (e.g. the due to the combination of deep and shallow water wave regimes as in the central-north transect, near Mataro harbour) the gradient of R Hs with distance to the coast is similar for all types of bathymetry considered, suggesting a generic value of the proposed approach.
The ρ parameter of the Gaussian copula, characterizing the dependence structure among R Vw and R Hs reflects a certain similarity of the spatial behaviour for both variables, R Vw and R Hs (see Figs. 6 and 7) . The mutual dependence of R Vw and R Hs 5 is strongest for the northern-most transect (Begur), where the topo-bathymetric control of the Pyrenees and their submerged signature becomes better defined. Such mutual dependence gets weaker for the central and southern coastal transects (see Fig.   10 ). There seems to be a strong wind channelling aligned with the main river valleys in February and March, dominating the local wave fields. The ρ parameter should reflect this spatial and temporal variation, resulting in a coastal zone width that will be a function of the prevailing met-ocean drivers and should thus be considered as a dynamic 10 concept. The resulting coastal definition will be data (numerical or observed) driven, being directly applicable to any region with a forecasting system or with enough coverage of in-situ plus satellite data. The proposed criteria appear to work well for wave-dominated and micro-tidal environments, and although suitable for any combination of factors, their application to macro-tidal regimes or river-discharge dominated areas should account for the corresponding signature in the hydrodynamic fields. Under these conditions the preferred variable could change to current velocity or to temperature, considering in all cases 15 the effect of spatial resolution in the results.
Conclusions
The proposed coastal fringe (water sub-domain) definition is based on an objective estimation of anisotropy as a proxy for the influence of the land border. The suggested statistical assessment can be applied to any variable that reflects such an influence (here it has been illustrated with wind velocity and significant wave height) and can be easily automated for any field, numerical 20 or observational, that presents enough resolution.
The methodology has been tested with numerically generated fields, supported by datasets from Puertos del Estado buoys.
Anisotropies of wind velocity and significant wave heights have been extracted along a set of characteristic profiles spanning widths up to 100km (see Fig. 2 ), considered sufficient for the relatively narrow shelfs in the Spanish Mediterranean coast. The performed analysis has shown how wind and wave fields are influenced by the land-sea border, demonstrating the 25 topo-bathymetric control on met-ocean factors. This control depends on topographic (mountain chains and river valleys) and bathymetric (bottom slope, submarine canyons or prodeltas) features but also on the energetic level of the prevailing weather, leading to a dynamic definition of the coastal water domain. The resulting widths, based on variance variation, span distances in the kilometre range, depending on bottom slope and coastal plan shape geometry. The correlation between the wind and wave based definitions (i.e. the mutual dependence among R Vw and R Hs ) seems to be stronger in the northern-most parts of 30 the study area, where the topo-bathymetric control is most prominent.
This new definition of the coastal zone can be useful for setting up standards to delimitate this transitional fringe, facilitating the selection of processes and boundary conditions for modelling and providing an objective limit for impact assessments.
